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INTRODUCTION
Benign prostatic hyperplasia (BPH)' in the dog is at present the only familiar animal model for the human Received for publication 3 August 1982 and in revised form 4 January 1983. ' Abbreviations used in this paper: BPH, benign prostatic hyperplasia; DHT, dihydrotestosterone. disease. Canine BPH is characterized by diffuse epithelial or glandular proliferation throughout the prostate (1) whereas human BPH is thought to arise specifically within the periurethral tissue and is characterized primarily by stromal hyperplasia (2, 3) . Despite these differences, there are sufficient similarities between the two species to regard the canine condition as a useful model for comparison to the human disease (4) (5) (6) (7) (8) (9) .
Although the etiology and pathogenesis of the disease in both species is uncertain, it seems clear that hormonal factors are involved. In both man and dog, BPH is an age-related disease (10) , and its development requires the presence of functioning testes (11) . Walsh and Wilson (12) demonstrated that BPH could be induced in young castrated mongrels by the concomitant administration of androgens and estrogens, and this observation has been substantiated in subsequent studies (13, 14) . To date, however, there have been no canine studies that have examined the relationships between age-associated endocrine changes and the spontaneous alterations in the morphology and secretory function of the prostate. In this study, untreated beagles of known age were used to perform a cross-sectional study investigating these interrelationships.
METHODS

Animals
42 healthy male beagles ranging in age from 8 mo to 9 yr were obtained from Laboratory Research Enterprises Ltd., Kalamazoo, MI. The birth date and pedigree of each dog were known, and none of the dogs had been used previously for research purposes. The dogs were allowed 4 mo to adjust to housing conditions before starting the experiment.
Serum hormone determinations
Blood samples of 10 ml were collected weekly from the cephalic vein of each dog on three different occasions. All collections were made between 9:30 and 11:30 a.m. The three samples from each dog were centrifuged and the serum was pooled. Serum testosterone (1 7#-hydroxy-4-androstene-3-one), dihydrotestosterone (DHT, 17ft-hydroxy-5a-androstane-3-one), 3a-androstanediol (5a-androstane-3a,17fl-diol), and 17f3-estradiol (1,3,5(10) 
Protein determinations
The frozen ejaculates were thawed and a 0.2-ml aliquot was removed from each sample and centrifuged at 12,000 g for 5 min. The supernatant was withdrawn and total protein determined by the method of Lowry et al. (17) .
Autopsy
All dogs were killed within 3 wk after the final ejaculate collection. The prostates and testes were removed rapidly and were measured and weighed.
Histology
Two cross-sections were taken from each prostate for histological examination; one section from the left midportion and a second from the right midportion of the gland. All sections included the urethral mucosa and the outer margin of the prostate. The tissues were fixed in 10% neutral buffered formalin, embedded in paraffin, mounted, and stained with hematoxylin and eosin. A study of histological sections by light microscopy was made by a veterinary pathologist (J.D.S.) without prior knowledge of the age of the dog or the weight of the gland from which each specimen was obtained.
Four histologic patterns were identified: immature, normal, benign glandular hyperplasia, and benign complex hyperplasia. Complex hyperplasia was formerly termed cystic hyperplasia (14) . We feel that complex hyperplasia is a more accurate term, since it represents a histologic pattern in which cystic elements predominate but areas of glandular hyperplasia and foci of atrophy can be observed as well. Detailed descriptions of the four histologic types follow and representative photomicrographs are shown in Fig. 1 .
Immature pattern. Glands from sexually immature animals are characterized by a branching ductular system. In contrast to the normal adult gland, the alveolar portions of the gland are not developed, and there is no evidence of secretory activity by the ductal cells. The epithelial cells are small and cuboidal with a relatively high nuclear to cytoplasmic ratio. The cytoplasm is pale and amphiphilic. There is no evidence of eosinophilic secretion within these cells. There is relatively more connective tissue stroma in the immature gland than in the fully developed gland. This stroma is composed principally of delicate fibrous connective tissue, but smooth muscle is found in the outer capsule and in major trabeculae radiating into the gland. There is considerable variation in the tubular development in the glands of the immature dogs. Some have only very rudimentary branchings of the tubular system, while others show greater development and differentiation. In some animals, there is also evidence of early secretory activity in a few of the epithelial cells.
Normal pattern. Normal prostates are characterized by compound tubular alveolar glands that radiate from their urethral duct openings. The cells lining all portions of the duct are columnar to cuboidal with basally located nuclei that are round to oval in shape. The cytoplasm of the cells is intensely eosinophilic; this is especially marked in the apical portions of the cells. The alveolar portions of the gland contain primary and secondary infoldings of secretory epithelium that project into the alveolar lumen. The lumens of the glands are usually not dilated and they do not contain obvious secretory material. The alveoli are separated by a delicate fibrous connective tissue stroma. This stroma also has larger elements composed of smooth muscle that divide the gland into irregular lobules. These smooth muscle septa are contiguous with the capsular stroma which surrounds the gland and are also connected with the smooth muscle and fibrous tissue located in the periurethral area. Occasionally mononuclear inflammatory cells (lymphocytes and plasma cells) are seen in the stroma, most commonly in the periurethral area.
Benign glandular hyperplasia. In benign glandular hyperplasia there is an obvious increase in the amount of secretory epithelium. Each of the lobules is larger and has more elaborate branching than in the normal gland. The alveoli are larger and contain more cells. As a result, the papillary projections of secretory epithelium into the alveoli are more elaborate. In addition, the size of the secretory epithelial cells is increased due principally to an increase in the amount of cytoplasm. In many of these glands, the amount of stroma is relatively less than in the normal gland, and the septa appear somewhat attenuated. In this form of BPH, the glandular proliferation occurs in all portions of the gland but often assumes a more nodular pattern in the periurethral areas.
Benign complex hyperplasia. In Prostatic secretory function. Fig. 2 shows the relationship between prostatic secretory function and age. As the prostate matured, there was a threefold increase in secretory function determined by both total ejaculate protein and ejaculate volume (group I vs. group II). Secretory function continued to increase until age four (group IV), after which there was a marked decline with further aging.
The decline in secretory function was associated with the development of BPH. In Fig. 3 (Table I) .
Serum hormone levels. Serum testosterone was highest in group II (mean age 1.3 yr) and was increased threefold over the mean level of testosterone in immature dogs in group I (mean age 0.7 yr). Thereafter, there was a gradual 35% decline in serum testosterone with further aging. Serum levels of DHT followed a similar pattern with aging. 3a-Androstanediol levels decreased by one-third as the dogs matured and subsequently remained constant with aging. No significant changes in 1713-estradiol levels were observed with aging. Thus, the serum testosterone/17#3-estradiol ratio gradually declined with aging reflecting the decrease in serum testosterone.
Relationships between age, serum hormone levels, prostatic weight, secretory function, and the incidence of BPH. The relationships between age, serum hormone levels, prostatic weight, and the incidence of BPH are shown in Fig. 4 . This shows that the increase in prostatic weight with aging was paralleled by a progressive increase in the incidence of BPH, and that this occurred while serum testosterone levels were declining. This suggests that with aging the prostate develops an increased sensitivity to serum testosterone or responds to a shift in the testosterone/17/3-estradiol ratio in terms of growth, such that lower levels of serum testosterone maintain larger glands in the advanced age groups.
The reciprocal relationships of prostatic growth response and prostatic secretory response to serum testosterone with aging are shown in Fig. 5 . This shows that prostatic growth becomes more sensitive to serum testosterone with aging, while in contrast, secretory response to serum testosterone declines markedly.
DISCUSSION
The growth pattern observed in the beagle prostate in this study suggests that the normal prostate continues to enlarge in adult life, and that hyperplasia appears before the gland has reached full development. O'Shea (18) noted a similar pattern in his study of several canine species, and suggested that the endocrine changes responsible for prostatic hyperplasia may be initiated early in adult canine life.
The present study also suggests that canine prostatic 1120 Brendler et al. (Figs. 3 and 5) . The lowest secretory function was observed in dogs with complex (cystic) BPH, which agrees with our earlier results reported by Wheaton et al. (20) .
The decline in secretory function is not believed to be due to ductal obstruction (21, 22) , and it has been suggested that estrogen can block prostatic fluid and electrolyte transport even in the presence of androgen stimulation (23). Isaacs et al. (23) reported that total ejaculate protein was maintained in dogs with BPH as total ejaculate volume declined; this would support the concept of a selective estrogen blockade of fluid and electrolyte transport. However, in the present series, we found that protein and volume varied similarly, and that as volume declined so did total protein. Thus, whether the decline in prostatic secretory function observed with age is secondary to a specific hormonal effect or whether it is related to prostatic enlargement remains to be determined.
In this study we observed a gradual decline throughout adult life in the mean serum testosterone and DHT concentrations. Mean serum testosterone values also decline in man, but this appears to occur late in life after the age of 60 yr (24, 25) . Nawata et al. (26) reported a similar decline in DHT in aging men, but Pirke and Doerr (27) have reported that serum levels of DHT are unchanged with age.
In this study serum 173-estradiol levels did not change with age, while in man there has been reported to be a slight increase both in serum 17#3-estradiol (28) and estrone (29) with age. Nevertheless, we did observe a decline in the serum testosterone to 17f3-estradiol ratio with age as observed in man due to the gradual decrease in serum testosterone levels of beagle dogs.
Altered sensitivity of the prostate to serum testosterone or to the testosterone to 17f3-estradiol ratio may be a critical factor in the pathogenesis of BPH. The continued growth of the prostate despite decreasing serum testosterone concentrations may reflect a metabolic shift within the prostate favoring the production of the active androgen 5a-DHT. Such a metabolic alteration has been reported previously in the canine studies of Shain and Nitchuk (30) and of Isaacs and Coffey (31) . Prostatic DHT levels have been reported to be severalfold greater in hyperplastic tissue compared with normal prostate in both man (32) (33) (34) (35) and dog (36, 37) , thus providing further evidence for such a metabolic shift.
In summary, this report relates alterations in the morphology and secretory function of the canine prostate to endocrine changes with age. The development of BPH in the dog with the associated changes in prostatic growth and function seem closely related to similar endocrinologic events that are thought to be associated with the pathogenesis of the human disease.
